Using density functional theory calculations, the ground state structure of BaFeO 3 (BFO) is investigated with local spin density approximation (LSDA). Cubic, tetragonal, orthorhombic, and rhombohedral types BFO are considered to calculate the formation enthalpy. The formation enthalpies reveal that cubic is the most stable structure of BFO. Small energy difference between the cubic and tetragonal suggests a possible tetragonal BFO. 
I. INTRODUCTION
Perovskite materials are very important both from theory and experiment point of view due to ferroelectricity, 1 spin dependent transport and magnetic properties.
2 Magnetic oxides are helpful in understanding the magnetic coupling through nanostructured interfaces.
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Particularly, those perovskite oxides that exhibit magnetic and ferroelectric characteristics simultaneously, known as multiferroics, can have practical device applications such as spin transistor memories, whose magnetic properties can be tuned by electric fields through the lattice strain effect. There are also experimental reports on the successful growth of cubic BFO on STO. [10] [11] [12] Callender et al., 12 have epitaxially grown cubic BFO on STO and reported week ferromagnetism with transition temperature 235 K. Fully oxidized single crystal of BFO thin film also shows large saturation magnetization, in plane 3.2 µ B /formula unit (f.u) and out of plane 2.7 µ B /f.u. 13 The reported lattice constant and saturation magnetization of BFO in thin films is quite close to bulk BFO(a = 3.97Å) with no observed helical magnetic structure. 13 The absence of helical magnetic order in thin film might be due to small energy barrier between A-type helical magnetic order and ferromagnetic (FM) phases. 14 Very recently, we also found distortion-induced FM to antiferromagnetic (AFM) and ferrimagnetic transition in cubic BFO.
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Tetragonal BFO is also of great interest as it may be a multiferroic phase of BFO, 16 and Taketani et al., 10 have reported the epitaxially grown BFO thin films on STO (100) substrate with a tetragonal crystal structure. Hexagonal BaFeO 3−δ is expected to be the most stable phase although various polymorphs have been observed with oxygen deficit BFO. [17] [18] [19] [20] Bulk hexagonal BaFeO 3−δ also exhibits an AFM to FM transition at 160 K. 21 Using density functional theory (DFT), we found that strain and correlation also play a significant role in the magnetic and electronic properties of orthorrhombic BFO. 22 BFO can be alloyed with other magnetic perovskites such as BiFeO 3 to yield good multiferroic properties. respectivily.
III. RESULTS AND DISCUSSIONS
For different crystal structures (phases) of a material, it is very essential to optimize the lattice constants (volume) either using DFT or Molecular Dynamics. We used DFT and studied four different crystal structures of BFO i.e, cubic, tetragonal, orthorhombic, and rhombohedral which are shown in Fig. 1 and their space groups are mentioned in Table I .
To optimized the lattice volume, we carried out DFT calculations in ferromagnetic(FM) and non-magnetic(NM) states and then fitted the data using Birch Murnaghan equation of state (EOS) 32 (shown in Fig. 2 ), which enables us to estimate the equilibrium volume (lattice constant). These plots show that the FM state is more stable than the NM state in all crystallographic phases of BFO. The optimized volumes and lattice parameters in the FM states are summarized in Table I . For comparison purpose, the combined energy volume (EV) curves in the FM states of all the studied structures are also shown in Fig.3 . From Fig.3 and Table I , it is inferred that the FM cubic BFO is the equilibrium (stable) structure of BFO among all the studied structures. This work is also supported by recently work on cubic BFO. 33 After confirming the stability of FM state w.r.t NM state, further calculations were performed to check the stability of FM w.r.t AFM state, in the (001) direction. We
state] to address the magnetic stability, and found that the FM state is more stable than the AFM state as shown in Table I . We see that cubic BFO has the largest △E which indicates possible room temperature ferromagnetism which is in agreement with the recent experimental work on cubic BFO.
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Once it is confirmed that the FM state is more stable than the NM and AFM states of BFO, we calculated the formation energies of BFO in different structural phases. The calculated formation energy in each phase confirms the lowest ground state energy. The formation energy is calculated by using the following formula,
where E(BaFeO 3 ) is the total energy in any studied crystallographic phase (e.g. cubic)
and E(Ba), E(Fe), and E(O 2 ) are the energies of BCC Ba, BCC Fe and oxygen molecule, O 2 , respectivily. The formation energy of each system is shown in the Table I . The formation energy of cubic phase is minimum (-3.85 eV) as noted in the EV curve (Fig.3 ) that cubic structure is the most stable structure of BFO. At the same volume (equilibrium volume of cubic BFO), the second most stable structure is tetragonal BFO (Fig.3) . The small energy difference between cubic BFO and tetragonal BFO clearly indicates a possible phase transition to tetragonal BFO. Such a small energy difference can easily be recovered if the cubic BFO is grown as a thin film on a suitable substrate, e.g., SrTiO 3 . 10 Note that such a possible tetragonal BFO is supported by the experimental work. 10 Furthermore, when we expand the cubic unit cell, it cuts rhombohedral phase at volume slightly larger than the equilibrium volume of cubic phase, so the third stable (metastable) phase is the rhombohedral phase consistent with the formation energy ( Table I ). Note that similar crystal stability was also observed in BiFeO 3 .
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The calculated magnetic moment (MMs)/f.u of BFO in different crystal structures are shown in Fig.4 , and in Table II the values of total and local MMs of Fe and O atoms in each phases of BFO at equilibrium lattice volume are summarized. In Fig.4 , for all the phases of BFO, the magnetic moment increases with increasing volume and at some particular volume (near equilibrium volume), it attains almost a constant value. The increase in MM with lattice constant usually happens due to the decrease in the overlap between the orbitals, i.e.,
Fe and O atoms. The comparison of total magnetic moments of all the structures (Table II) shows that the orthorhombic BFO has the lowest MM value due to its smaller volume/f.u as shown in Table. The electronic structures of tetragonal, orthorhombic, and rhomohedral BFO are also analysed, and the electronic structures are almost similar to cubic BFO. The DOS and PDOS for tetragonal BFO is plotted in Fig.5 , which shows the same behaviour as the cubic structure but the band gap in spin down for LSDA+U is 1.02 eV which is larger than the cubic BFO band gap. Similarly, the orthorhombic BFO is shown in Fig.5 and is showing the same results as for cubic and tetragonal except a prominent pseudo gap in LSDA in minority spin states just below the Fermi level which can also be shifted to Fermi level by applying external strain. 22 However, in LSDA+U calculations the band gap in the minority spin state is 1.03 eV. We also expect that rhombohedral BFO (Fig.5 ) may show half-metallic behavior under uniaxial strain, similar to orthorhombic BFO. 22 The LSDA+U calculated half-metallic band gap is 1.3 eV, which is larger than the other phases of BFO due to larger volume of orthorhombic BFO.
IV. CONCLUSION
Density functional theory is used to predict the ground state crystal structure of BaFeO 3 .
Local spin density approximation (LSDA) was used for the exchange and correlation func- 
